Aims: To investigate efficacy, safety and usability of the GlucoTab system for glycaemic management using insulin glargine U300 in non-critically ill hospitalized patients with type 2 diabetes (T2D).
and evaluate point-of-care computerized clinical decision tools to guide prescribers in implementing evidence-based guidelines. 6 In studies investigating glycaemic control in the hospital setting, NPH insulin, insulin glargine U100 or insulin detemir were used as basal insulin. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] To the best of our knowledge, novel basal insulin analogues, insulin glargine U300 or insulin degludec, have not yet been combined with automated basal-bolus insulin algorithms for the hospital setting. In previous studies GlucoTab, a mobile decision support (DSS) system for diabetes management that incorporates an automated basal-bolus algorithm, has proven to effectively and safely establish glycaemic control without increased risk of hypoglycaemia. 12, 14, 18 It can be assumed that, also in the hospital setting, insulin glargine U300 leads to comparable glycaemic control with reduced rates of hypoglycaemia at any time of the day as well as reduced rates of nocturnal hypoglycaemia in patients with type 2 diabetes mellitus (T2D) as shown in the outpatient setting. [19] [20] [21] [22] [23] Insulin glargine U300
provides predictable, evenly distributed 24-hour coverage as a result of lower variability and higher reproducibility in insulin exposure, and it appears to be an effective basal insulin. 24 Thus, the aim of this pilot study was to evaluate the efficacy and safety of the mobile DSS, GlucoTab, using for the first time the novel basal insulin analogue glargine U300 in non-critically ill patients with T2D at the general ward of a tertiary care centre.
| MATERIALS AND METHODS
This study was a prospective, monocentric, open, non-controlled, single-arm, interventional study in hospitalized patients with T2D or newly diagnosed hyperglycaemia and was performed at the Endocrinology and Diabetology general ward at a tertiary care centre, the Medical University of Graz. The study was approved by the ethical board of the Medical University of Graz (EC-No. 27-531 ex 14/15) and is registered at the German Clinical Trials Register (DRKS 00011487; https://www.germanctr.de). All patients were informed about the nature and objective of the study and the study procedures.
Signed informed consent was obtained prior to any study procedure.
The trial was conducted in full accordance with the principles of the Declaration of Helsinki. All nurses and physicians were trained with respect to study protocol, study-specific procedures, handling of the GlucoTab system and Good Clinical Practice guidelines prior to initiation of the study.
| Study procedure
The primary objective of this study was to investigate the efficacy in establishing glycemic control (target range, 3.9-7.8 mmol/L) of GlucoTab-driven basal-bolus therapy in combination with insulin glargine U300 as basal insulin in patients with T2D in a general ward. In order to understand and interpret the full effect of insulin glargine U300 when used with the decision support component of GlucoTab, patients were equipped with a continuous glucose monitoring system (CGM). To avoid influence of the CGM signal we used the blinded iPro2 system (Medtronic, Northridge, California). The device was retrospectively calibrated, four times daily, changed after a maximum of 6 days of use, and newly inserted according to the manufacturer's instructions as necessary (eg, in the case of an imaging procedure such as magnetic resonance or computed tomography). As CGM data were analysed retrospectively, treatment was not influenced by data acquired by CGM.
| GlucoTab-based glycaemic management
GlucoTab (Joanneum Research GmbH, Graz, Austria) is a workflow and decision support system for diabetes management in the hospital setting that is integrated into the hospital information system. One component of GlucoTab incorporates a basal-bolus insulin dosing algorithm that aims to achieve the recommended glycaemic target range of fasting and pre-meal BG values of 5.6 to 7.8 mmol/L. 5 Details of the algorithm, which was not specifically modified for this study, are described elsewhere. 12 In brief, an initial total daily insulin dose is calculated upon enrolment depending on patient age, renal function and body weight. The basal-bolus insulin dose is initiated with a proportion of 50%:50%. To date, all rapid-acting insulin analogues and insulin glargine U100 have been approved for use within the DSS component of GlucoTab. Within this study, insulin glargine U300 was used for the first time as basal insulin in the hospital setting with a DSS system. Insulin glulisine was used as bolus insulin (both insulins, Sanofi, Frankfurt/Main, Germany). Automated total daily dose suggestions are based on blood glucose (BG) values of the previous 24 hours and must be confirmed once daily by the treating physician. At every time point (morning, noon, evening, bedtime), upon entering the current BG value and meal information (yes/no), the nurse receives a suggestion of insulin dose. Before each main meal (morning, noon, evening) and at bedtime, capillary glucose measurements were taken by the nurse in charge and were entered into GlucoTab and insulin therapy was administered according to the automated dose suggestion generated by GlucoTab. At any time, healthcare professionals could overrule the suggested insulin dose and perform additional BG measurements if deemed necessary.
| Statistical analysis
For analysis of efficacy parameters, insulin doses and adherence to suggestions for only complete 24-hour treatment days were included. To be eligible for analysis using CGM readings, at least 70% of the CGM measurements must have been available per day. Furthermore, CGM measurements for at least two eligible days must have been available per participant. CGM profiles were analysed based on recommendations for standardizing the analysis and presentation of glucose monitoring data. 25 Calculation of sample size was performed to test the study hypothesis by using a one-tailed one-sample t-test weighted by the total number of BG measurements per participant, with a 5% level of significance and a power of 80%, to test whether the mean percentage of capillary BG measurements in the target range of 3.9 to 7.8 mmol/L (primary outcome) was greater than that of a comparable best-practice study with the criterion threshold of 42%. 16 To ensure that calculation of the primary endpoint was based on BG data of at least 27 patients, the planned number of patients was increased to 30.
Prior to data analysis, all metric outcome variables were checked for normality by means of a Shapiro-Wilk's test. The level of significance was set to 5% for all tests. Statistical analysis was performed using R version 3.1.2 software.
| RESULTS
A total of 30 patients were included in the study. Baseline characteristics are indicated in Table 1 . Time to inclusion was 1.4 AE 1.9 days.
Duration of treatment with the GlucoTab basal-bolus insulin algorithm was 8.5 AE 4.5 days, which means that the GlucoTab treatment covered 72.5% AE 22.2% of the patients' total hospital stay.
| Glycaemic control achieved by GlucoTab
The overall mean percentage of capillary BG values in the target range (3.9-7.8 mmol/L) was 56.1% AE 23.5% which was significantly higher than the criterion value of 42% from a comparable best-practice study (P < 0.001). 16 Time within the target range based on capillary BG was comparable, with 54.3% of glucose values within target as assessed by CGM. Time within the glucose target range improved continuously over the treatment period for capillary BG and CGM data ( Figure 1A and B). Mean daily capillary BG improved in response to GlucoTab- Four-day intervals were chosen, as a three to four day period is considered necessary to achieve steady-state for insulin glargine U300. 26 
| Safety of GlucoTab
In total, eight hypoglycaemic episodes below 3.9 mmol/L in five patients (all male; two undergoing concomitant oral antidiabetic 
| DISCUSSION
We report the results of the first clinical trial using insulin glargine U300 in a basal-bolus insulin algorithm provided by an electronic DSS, GlucoTab, in patients with T2D hospitalized in a general ward. GlucoTab was previously tested for the use of insulin glargine U100 in caemia. 27 Our data indicate that a target range of 3.9 to 10.0 mmol/L can be achieved safely using the GlucoTab algorithm in combination with insulin glargine U300 as basal insulin, with a low rate of hypoglycaemia. Previous best-practice studies using basal-bolus insulin therapy in the hospital setting achieved 42% of values within target. 16 In our present study, using the unmodified GlucoTab algorithm for the first time with insulin glargine U300, we were able to achieve an even higher percentage of BG values within target (56.1%; P < 0.001).
Compared to GlucoTab performance using insulin glargine U100 in These data are superior to the CGM data seen with insulin glargine U100 in a comparable setting. Schaupp et al. report an increase in time within target (3.9-10.0 mmol/mol) from 67.7% to 77.5%, whereas hypoglycaemia rates were stable throughout treatment (2.6% vs 2.8%; first vs last treatment day). Thus, the use of insulin glargine U300 in combination with GlucoTab leads to superior glycaemic control, with reduced rates of hypoglycaemia as compared to those with insulin glargine U100 in the hospital setting. As treatment during hospitalization is brief, safe early-phase insulin titration is important and insulin glargine U300 might be a safe approach for this purpose. This hypothesis is supported by findings from the BRIGHT study in which insulin glargine U300 showed low hypoglycaemia rates during the titration phase while achieving glycaemic control similar to that of insulin degludec. 29 Adherence to GlucoTab dose suggestions was high (97% for TDD; 99% for basal; 96% for bolus suggestions) and, if users modified the dose, only minimal changes were made. These data are in line with previous studies concerning GlucoTab in which suggestions for basal, bolus and total daily dose were accepted without modification more than 90% of the time. The high acceptance rate of dose suggestions indicates that users are confident and trust the algorithm. As GlucoTab facilitates insulin titration without requiring expert user input in the course of the treatment, it can be speculated that such a device could contribute to safely establishing glycaemic control in other fields of medicine such as surgery or neurology where other diseases are the main focus and diabetes is considered an inconvenient comorbidity. In a previous study in which GlucoTab was used on different general wards including surgery, the high acceptance rate on the part of staff, accompanied by good glycaemic control, was demonstrated.
12
Acceptance rates and the mean glucose values achieved exceeded those seen in internal medicine wards where physicians interfered more with therapy. Of note, the only severe hypoglycaemic event (BG 2.0 mmol/L) that occurred during the study was the result of manual insulin overdosing by a physician who assumed that the GlucoTab suggested dose of insulin was too low and manually increased the initial total daily dose (52 U vs 23 U; physician´s discretion vs GlucoTab suggestion, respectively).
The frequency of hypoglycaemic events was comparable or even lower than that shown in published data of inpatient investigations.
Umpierrez et al. reported a higher percentage of patients who experienced hypoglycaemia during hospitalization while undergoing preexisting insulin therapy as compared to insulin-naïve patients (22% vs 10%; P = 0.01); these finding are in line with our results (20% vs 10%). 16 The overall incidence and prevalence of in-hospital hypoglycaemic events varies, depending on the inpatient setting and the glycaemic thresholds used for the definition. Umpierrez et al. reported
2.0% of values in the hypoglycaemic range (<3.9 mmol/L) during basal-bolus therapy using insulin glargine U100 in surgical patients. 17 In a previous study using GlucoTab-guided basal-bolus therapy in combination with insulin glargine U100 in 99 inpatients, only 1.5% of all BG measurements were less than 3.9 mmol/L. 12 In the present study using insulin glargine U300 with an otherwise unchanged basalbolus algorithm, we showed even lower rates of hypoglycaemia (0.9% of all capillary BG measurements). Of note, in the present trial, this lower number of hypoglycaemic episodes was achieved; however, patients in the present trial can be considered to be at higher risk than those in other inpatient trials as they had a longer duration of diabetes, with a large proportion of patients undergoing pre-existing insulin therapy. Both factors are well known to be associated with increased risk of hypoglycaemia. [30] [31] [32] This low rate of hypoglycaemia, while achieving good glycaemic control, might be attributed to the combination of insulin glargine U300 in a DSS driven basal-bolus algorithm. Insulin glargine U300 features a reduced redissolution rate following subcutaneous injection as compared to insulin glargine U100 and, thereby, has a more prolonged duration of pharmacokinetic effect. Additionally, insulin glargine U300 provides predictable, evenly distributed 24-hour coverage as a result of low fluctuation and high reproducibility in insulin exposure. 33 High glycaemic variability in the long-term is associated with an increase in cardiovascular morbidity and mortality. [34] [35] [36] To our knowledge, the glycaemic variability of insulin glargine U300 based on CGM data was never assessed in the titration phase but only after steady state had been achieved. It is assumed that 3 to 4 days are needed to achieve steady state conditions for insulin glargine U300. 26 Iuchi et al. showed reduced glycaemic variability when comparing insulin glargine U300 and insulin glargine U100 after a 4-week titration period (CV, 26.8% vs 25.3%). 37 In our study, CV was 36.1% on Day 1 compared to 31.4% on Day 4 and 28.9% on Day 7 of titration, thus showing comparable glycaemic variability for insulin glargine U300 even early in the titration phase. As compared to previous studies using insulin glargine U100 with either an electronic DSS or a paperbased algorithm, BG target was reached earlier when using a DSS with insulin glargine U300, on Day 4 vs Day 5 or 6.
10,12,16
The GlucoTab algorithm is a basal-bolus algorithm that provides a once daily suggestion for the total daily dose for the following 24 hours. Bolus insulin distribution according to the algorithm was adjusted in previous studies to better fit meal-related insulin requirements but was used without changes in the current study. 10, 12, 14 The algorithm can be used when switching from insulin glargine U100 to insulin glargine U300 without further modifications. In the current study, the still-existing increase in lunchtime BG is less pronounced than that when using insulin glargine U100. 12 Data from the present trial indicate that the GlucoTab algorithm can be safely and efficaciously used in its current design in combination with insulin glargine U300.
Several limiting factors must be acknowledged. First of all, the study was a single-arm study without a direct comparator, as the primary purpose was to show that the GlucoTab algorithm can be used without modifications in combination with insulin glargine U300. The sample size was rather small as previous studies have indicated that 15 to 30 patients can provide deep insight into 24-hour glycaemia when using CGM. 10, 12, 38 Furthermore, this trial was performed in an endocrinology ward with highly experienced staff that was already familiar with GlucoTab. In summary, basal-bolus insulin therapy using GlucoTab in combination with insulin glargine U300 can be safe and efficacious without an increase in hypoglycaemia. 
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